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This study assesses the possibility of a period effect on Japanese workers’ health and its association with
historical changes in the work environment. We used multi-year national cross-sectional surveys, the
Comprehensive Survey of Living Conditions for 2001, 2004, and 2007, and estimated the period effect on
the health of employed workers aged 18e65 years. The prevalence of ill-health indicators (poor self-
rated health status, subjective symptoms, and the number of respondents receiving consultations
from medical doctors and other health professionals) signiﬁcantly increased during this period. Dete-
riorating trends in these health indicators persisted after adjusting for age and cohort effects and for
individual factors such as employment, marital, and child-rearing status. Furthermore, after adjusting for
income level as an individual factor, deteriorating trends remained for the poor self-rated health status of
male employees, subjective symptoms of female employees, and receiving medical consultations for both
genders. The health status of employed workers in Japan deteriorated, especially from 2004 to 2007,
regardless of age and cohort effects. After taking individual socio-economic factors and the effects of the
recession on society into consideration, we hypothesized a posteriori that the increase in precarious non-
regular work may be the main factor underlying this period effect and may be the cause of the deteri-
oration in workers’ health.
 2012 Elsevier Ltd. Open access under CC BY-NC-ND license.Introduction
Japan is a leader among the aging societies of the world, and
several health indicators have worsened due to this aging. Exam-
ples include general mortality (Ministry of Health, Labour and
Welfare, Japan, 2009a), total medical care expenditures (Sato &
Fushimi, 2009; Ministry of Health, Labour and Welfare, Japan,
2009b), and the prevalence of chronic diseases (Shiba &
Shimokawa, 2008). As in other developed countries, the number
of overweight male adults has increased over the past several
decades due to the increasingly Westernized lifestyle, abundant
food, and sedentary lifestyle (Yoshiike et al., 2002). Thus, the overall
health picture in Japan is expected to deteriorate in a manner
common to developed countries.
One characteristic of the health status in Japan, the proportion of
overweight women, has not increased except among those over 50
years of age, and it is therefore doubtful that the overall healthand Public Health, Teikyo
i-ku, Tokyo, Japan. Tel.: þ81
ikitani).
-NC-ND license.situation in Japan will deteriorate in a straightforward manner
(Yoshiike et al., 2002). Moreover, the age-adjusted mortality rate
has decreased (Ministry of Health, Labour and Welfare, Japan,
2009a). Health indicators such as fetal, perinatal, and infant
mortality rates (Ministry of Health, Labour and Welfare, Japan,
2009a), as well as life expectancy (Ministry of Health, Labour
and Welfare, Japan, 2010a), have continued to improve over time.
The main reasons for this improvement include the beneﬁts
obtained from advances in science and technology (Christensen,
Doblhammer, Rau, & Vaupel, 2009).
Amodern, healthy lifestyle is thought to be the product of a good
balance of nutrition, hygiene, and advanced medical care. The hope
is that peoplewill be healthier during their natural life course rather
than suffering from the adverse effects of a high-calorie, sedentary
lifestyle while aging. Working people in general are expected to be
healthier, and most are likely to be free from pathological obesity
and serious disease. Although the health of the overall working
population may be affected by the aging of society, each member of
this demographic may nonetheless remain relatively physically
healthy because they belong to a productive age group.
However, the expectations for this level of positive health status
among working people have recently come into question. Japan
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employment environment for workers became severe (Cabinet
Ofﬁce Government of Japan, 2007). This situation caused an
increase in unstable employment arrangements that included
temporary, contract, and part-time work. These non-regular work
arrangements are associated with poor working conditions, lower
incomes, and job insecurity. It has previously been suggested that
a vulnerable socio-economic status affects workers’ health (Bardasi
& Francesconi, 2004; Bartley, Sacker, & Clarke, 2004; Kompier,
Ybema, Janssen, & Taris, 2009; Rodriguez, 2002; Stansfeld &
Candy, 2006; Virtanen, Kivimäki, Elovainio, & Vahtera, 2002).
In Japan, several studies have compared the health of non-
regular workers with that of regular workers (Inoue, Kawakami,
Tsuchiya, Sakurai, & Hashimoto, 2010; Inoue, Tsurugano, & Yano,
2011; Nakao & Yano, 2006). According to these studies, non-
regular workers in Japan suffered more from fatigue (Nakao &
Yano, 2006) and psychological distress (Inoue et al., 2010) and
were more distressed by their job insecurity or lack of opportunity
for promotion (Inoue et al., 2011) than were regular workers. One
such study from Denmark reported that a positive change in
employment status, such as from a temporary to a permanent
contract, resulted in an improved lifestyle and health status
(Kompier et al., 2009). Longitudinal research examining the effects
of the increasing numbers of non-regular workers in Japan is
limited. It has been reported that a relationship exists between
socio-economic disparity and health status in a cross-sectional
manner, raising concern with regard to the recent expansion of
social and occupational disparities in Japan (Kagamimori, Gaina, &
Nasermoaddeli, 2009; Kondo, Subramanian, Kawachi, Takeda, &
Yamagata, 2008).
To demonstrate the effect of this social change, we used multi-
year national cross-sectional surveys and estimated the period
effect after controlling for age and cohort effects. Based on the
results, we discuss the possible factors that deﬁne the character-
istics of change during this period.
Methods
Data source and samples
This study used a national cross-sectional survey, the Compre-
hensive Survey of Living Conditions, which is an ofﬁcial statistical
survey of Japan (Ministry of Health, Labour and Welfare, Japan,
2010b). This survey has been conducted annually since 1986 to
obtain basic data regarding household structure. To capture the
details of living conditions, including health care, medical services,
welfare, and pensions, the large-scale survey has been conducted
every 3 years. The data are utilized to develop policies with respect
to health, welfare, and labor.
The large-scale survey is composed of four questionnaire forms
assessing respondents’ household composition, health status,
income, and savings; it is conducted with all members of house-
holds that are selected by a stratiﬁed random sampling method
from the districts resulting from the population census (Inoue et al.,
2010). Speciﬁcally, household and health questionnaire forms were
distributed to nearly 280,000 households during each survey year,
and questionnaires were obtained from 247,278 households (87.4%
response rate) in 2001, 220,948 households (79.9%) in 2004, and
230,596 households (80.1%) in 2007. The income and savings
questionnaire forms were administered to selected households
sampled randomly from the districts. The sampling percentage was
approximately 13% of all participating households, and the survey
was completed by 31,871 households (79.5% response rate) in 2001,
25,621 households (70.1%) in 2004, and 24,578 households (67.7%)
in 2007. In the present study, we obtained permission to useindividual data from the large-scale surveys between 2001 and
2007 for purposes other than those initially intended by the
Ministry of Health, Labour, and Welfare of Japan. All four forms of
these surveys were analyzed.
The study subjects included those respondents identiﬁed as
employed workers aged 18e65 years at each observation point. Our
ﬁnal sample included 231,788 workers from the 2001 data set,
201,916workers from 2004, to 207,398workers from 2007. Because
marked gender differences exist in the workforce pattern, we
treated men and women separately throughout the analysis.
Measured variables
Health status
We used respondents’ self-rated health status, subjective
symptoms, and receiving medical consultations as variables indic-
ative of health status in the health questionnaire. The category of
poor self-rated health referred to those who answered “Not good”
or “Bad” to the question: “What is your current health status?”
Previous studies have indicated that self-rated health is a highly
validated predictive indicator for objective physical and mental-
health outcomes (Haddock et al., 2006; Heistaro, Jousilahti,
Lahelma, Vartiainen, & Puska, 2001) and has been used to
examine the link between health and job insecurity (Kalil, Ziol-
Guest, Hawkley, & Cacioppo, 2009). Participants reporting subjec-
tive symptoms were those who answered “Yes” to one or more of
the health symptoms in the questionnaire. These symptoms
included fever, irritation, headache, diarrhea, rash, back pain, and
injury. Receiving medical consultations referred to participants’
indication that they had visited physicians or practitioners of
traditional massage, acupuncture, moxibustion, or Judo therapy
because of diseases and injuries at the time of the survey.
Other indicators
In addition to gender, individual factors that can affect health
status, including employment status, age, birth year, marital status,
children at home, and household income, were assessed. Some of
these factors were used in the multivariate analysis, including
employment status (i.e., regular employment [reference group] and
ﬁxed-term employment), marital status (married [reference
group], widowed, divorced, and single), and child-rearing status for
those with children under 20 of age (no children [reference] and
children). Fixed-term employment referred to employees whose
contract periods would end within 1 year or employees hired per
day. Because the data on household members younger than 15
years of age were not available, we assumed that individuals who
answered “living with unmarried children” were raising children if
they were of child-bearing age at the observation point (less than
52 years for females and less than 54 years for males, according to
the average child-bearing age denoted in a special report of vital
statistics; Ministry of Health, Labour and Welfare, Japan, 2002).
The information on household income, available for only 13% of
the sample, was converted to a logarithm after being divided by the
number of family members because of the curvilinear shape of the
distribution, and the result (i.e., income per household member)
was entered into a regression model as an explanatory variable.
The sample was categorized into eight 6-year age groupsd20
(18e23), 26 (24e29), 32 (30e35), 38 (36e41), 44 (42e47), 50
(48e53), 56 (54e59), and 62 (60e65)dand into nine 6-year cohorts
according to birth-year datad1938 (1936e1941), 1944 (1942e1947),
1950 (1948e1953), 1956 (1954e1959), 1962 (1960e1965), 1968
(1966e1971), 1974 (1972e1977), 1980 (1978e1983), and 1986
(1984e1989)dfor the purpose of graphical representations.
M. Nishikitani et al. / Social Science & Medicine 75 (2012) 439e451 441In addition to these dummy age and cohort groups, the sample was
re-categorized for the regressionmodel into 163-year age groups and
183-year cohort groupsbecause of the requirements for anemployed
approach to the statistical estimation of ageeperiodecohort (APC)
accounting models. This approach, known as the intrinsic estimator,
has recently been developed to longitudinally assess mortality rates
in the domain of the social sciences.
The intrinsic estimator: an approach for estimating age, period, and
cohort effects
The identiﬁcation problem in APC analysis stems from the
nature of the linear dependency of age, period, and cohort. The
intrinsic estimator is a special form of principal-components
regression estimator that adjusts for these linear dependencies
through single-value decomposition of matrices (Yang, Fu, & Land,
2004; Yang, Schulhofer-Wohl, Fu, & Land, 2008). Instead of
omitting one reference category from each set of indicator vari-
ables, such as dummy groups of age, period, and cohort, the
intrinsic estimator utilizes the constraint that the sum of coefﬁ-
cients in each set is zero as the reference category. The compu-
tation algorithms of the intrinsic estimator can be summarized as
follows (Yang et al., 2004). First, an orthonormal matrix trans-
formation is applied to the XTX matrix of the linear model. This
transformation produces the non-zero eigenvalues and corre-
sponding eigenvectors of the matrix. The special principal-
components regression is then estimated using the eigenvectors
as variables. After estimation of the principal-components
regression model, the orthonormalizing matrix transformation is
reversed to transform the estimated regression coefﬁcients to the
original age, period, and cohort effects.
Thus, the estimated effects obtained with the intrinsic esti-
mator, such as the conventional regression coefﬁcients, were
simple to interpret. Additionally, the intrinsic estimator provides
a methodological alternative to a conventional constrained
regression model for the following reasons. The intrinsic estimator
can provide unbiased estimates of regression coefﬁcients between
age, period, and cohort groups with a design matrix in which the
investigators impose no arbitrary constraints (Fu, 2000). Further-
more, the variance of the intrinsic estimator is smaller than that of
the estimator in any conventional model (Yang et al., 2004). These
and other aspects of the intrinsic estimator are describedmore fully
by Yang et al. (2004, 2008).
Data analysis
First, we compared the demographics and health status of the
subjects according to gender between 2001 and 2007. To test the
stability of the variables during the observation years, a chi-squared
test was used for categorical variables, and Wilcoxon’s rank-sum
test was used for continuous variables.
Second, we depicted the relationships between health status,
age, and birth-year cohorts to reveal the trend in the health status
of workers over the 6 years that this study analyzed.
Third, we used the intrinsic estimator, a multivariate regression
analysis for APC accounting models, to test the effects of time-
dependent changes on the health status of workers. Because this
study’s indicators of health status are binary, we assumed that the
dependent variables had binomial distributions and used a logit
function as the link function in the analysis. Model A included all of
the individual characteristics at the time of the survey, with the
exception of economic factors (income per household member), in
the intrinsic estimator. In Model B, the information regarding
income per household member was added to the baseline APC
model (Model A). Model C excluded the variable of employmentstatus from Model B to perform a stratiﬁed analysis according to
employment status (regular vs. ﬁxed-term employment).
Data analyses were conducted using STATA version 11.0, and
a two-tailed p-value of less than 0.05 was considered signiﬁcant.
Results
Simple comparison between 2001, 2004, and 2007
In the Comprehensive Survey of Living Conditions, the number of
survey participants aged 18e65 years in 2001, 2004, and 2007 was
441,534, 382,883, and 379,878, respectively. The proportion of
employed survey respondents increased from 52.5% (231,788 in
2001) to 53.5% (205,013 in 2004) and 54.6% (207,398 in 2007). The
proportion of total employed workers who had ﬁxed-term
employment increased from 8.6% (19,946 in 2001) to 10.2%
(20,926 in 2004) and 13.7% (28,335 in 2007) over 6 years. The same
upward trend was observed for both genders (Table 1).
The median age of workers was 40 years (25e75%: 30e51) in
2001, increasing to 41 years (25e75%: 31e52) in 2004 and to 42
years (25e75%: 32e52) in 2007. The same signiﬁcant aging trend
was observed for both males and females (Table 1). Despite the
increase in median age among male workers, the proportion of
married males (67% in 2001) and the proportion of those raising
children (31% in 2001) signiﬁcantly decreased during this period
(66% and 29%, respectively, in 2007). In contrast, as the median age
of female workers increased by 2 years during this period, the
proportion of married women (57% in 2001) and the proportion of
those raising children (24% in 2001) increased signiﬁcantly (59%
and 26% in 2004 and 2007, respectively).
Household income increased until 2004 and decreased signiﬁ-
cantly during the following 3 years, particularly among female
workers (P < 0.001). However, these economic data came from
a random group of approximately 13% of all subjects studied.
All health indicators deteriorated signiﬁcantly from 2001 to
2007 for both genders; the prevalence of poor self-rated health,
subjective symptoms, and medical consultations increased signiﬁ-
cantly. Medical consultations for both genders and the subjective
symptoms among female workers increased signiﬁcantly between
2001 and 2004, whereas other indicators of respondents’ health
status did not change over this period.
Graphical analysis
Health indicators between 2001 and 2007 are plotted in two
different ways in Figs. 1e3. Fig. 1 shows the change in the preva-
lence of poor self-rated health by age for a given birth cohort (upper
graphs) and by cohort for a given age group (lower graphs)
according to gender (males left, females right). Each solid or dotted
bar indicates the length of the observation (2001e2007). The upper
graphs of Fig. 1 show that the prevalence of workers reporting poor
health increased with age. A similar trend was observed for the
prevalence of subjective symptoms (Fig. 2) and in the number of
respondents receiving consultations (Fig. 3). In contrast, the lower
graphs of Fig. 1 show the increasing prevalence of poor self-rated
health as the analysis moved from older to more recent cohorts
of the same ages (with the exception of male workers aged 18e23
years). In Figs. 2 and 3, however, no cohort effects were evident, and
nearly all of the bars appear ﬂat. Although it is difﬁcult draw
a decisive conclusion from these ﬁgures, the change in the trends
represented by these graphs suggest that a period effect may have
been operating during the observation period with respect to the
prevalence of poor self-rated health between 2004 and 2007. For
the prevalence of subjective symptoms and receipt of consultations,
a small point of ﬂexion can be observed in each bar in Figs. 2 and 3,
Table 1
Basic characteristics and health status of employed male and female workers aged 18 to 65 between 2001 and 2007.
Observation year Male workers Female workers
2001 (N ¼ 135,490) 2004 (N ¼ 114,116) 2007 (N ¼ 113,644) 2001 (N ¼ 96,298) 2004 (N ¼ 87,800) 2007 (N ¼ 93,754)
Fixed-term employment (N, %) 5503 (4%) 6,051z (5%) 8,970z (8%) 14,443 (15%) 14,875z (17%) 19,365z (21%)
Agea (years) 41 [31e52] 42z [32e52] 42z [32e53] 40 [29e50] 41z [30e51] 42z [31e52]
Marital status (N, %)
Married 91,363 (67%) 77,798 (67%)* 75,177 (66%) z 55,156 (57%) 53,046 (59%) z 54,933 (59%) z
Widowed 1002 (1%) 838 (1%) 814 (1%) 3025 (3%) 2586 (3%) 2550 (3%)
Divorced 3522 (3%) 3228 (3%) 3728 (3%) 6623 (7%) 6592 (7%) 7417 (8%)
Single 39,603 (29%) 33,414 (29%) 33,925 (30%) 31,494 (33%) 27,511 (31%) 28,854 (31%)
Children at home (N, %) 41,364 (31%) 35,202 (31%) 33,254z (29%) 23,408 (24%) 23,004z (26%) 23,949z (26%)
Household incomeb (x\10,000/year) 639 (632e645) 691z (684e698) 622z (615e629) 626 (621e637) 656z (648e665) 587z (578e595)
Income per household memberb
(x\10,000/year)
193 (191e195) 205z (203e207) 195 (192e197) 189 (186e191) 194z (192e196) 181z (178e183)
Poor self-rated health (N, %) 10,844 (9%) 9284 (9%) 10,036z (10%) 9214 (10%) 8486 (10%) 9582z (11%)
Subjective symptoms (N, %) 32,319 (24%) 26,915 (24%) 27,314y (25%) 30,531 (32%) 27,445* (32%) 29,949z (33%)
Receiving consultation (N, %) 29,340 (22%) 25,343z (23%) 26,318z (24%) 23,749 (25%) 22,337z (26%) 24,152z (27%)
*P < 0.05 between 2001 and 2004 or 2001 and 2007 within the same gender.
yP < 0.01 between 2001 and 2004 or 2001 and 2007 within the same gender.
zP < 0.001 between 2001 and 2004 or 2001 and 2007 within the same gender.
a Median and 25e75% values.
b Geometric means and 95% conﬁdence interval of the sample: 17,871 men and 13,596 women (31,467 total subjects) in 2001; 13,666 men and 10,769 women (24,435 total
subjects) in 2004; and 12,004 men and 9711 women (21,715 total subjects) in 2007.
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lences may suggest period effects, as well.Period effect on workers’ health status
To test our hypotheses, the period effect on health indicators
was assessed with a generalized liner model using an intrinsic
estimator. Due to the zero-sum constraint of the intrinsic estimator,
estimated effects can be interpreted as conventional regression
coefﬁcients and, more simply, by calculating the "contrast" with an
arbitrary "referent" category. Thus, estimated effects should beFig. 1. Prevalence of poor self-rated health among employed male workers (left) and female
1938 to 1986) in the upper graphs and the different age groups (labeled using the midpoinobserved to be positive or negative, together with the size of the
absolute value.
When the effect was determined for the prevalence of poor self-
rated health, signiﬁcant effects of age, period, and cohort were
observed for both genders in the base model that included all
individual characteristics, excluding an income factor, at the time of
survey (Model A in Tables 2 and 3). The age effect was signiﬁcantly
negative among younger workers, whereas it was signiﬁcantly
positive among older workers. The signiﬁcant, positive cohort
effect among earlier generations decreased and became signiﬁ-
cantly negative in later generations. In comparison, although the
absolute values of estimated effects were relatively small,workers (right). The solid and dotted lines represent the different birth cohorts (from
ts, in years) in the lower graphs.
Fig. 2. Prevalence of subjective symptoms among employed male workers (left) and female workers (right). The solid and dotted lines represent the different birth cohorts (from
1938 to 1986) in the upper graphs and the different age groups (labeled using the midpoints, in years) in the lower graphs.
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effect then became positive in 2007. After adjustment for economic
factors (Model B in Table 2), the period effect for male workers was
signiﬁcantly negative in 2004 but became positive in 2007. Notably,
several signiﬁcant age and cohort effects disappeared in this model.
Among female workers, the period effect observed in the baseFig. 3. Prevalence of receiving consultations among employed male workers (left) and femal
1938 to 1986) in the upper graphs and the different age groups (labeled using the midpoinmodel disappeared, along with the effects of age and cohort in the
income-adjusted model (Model B in Table 3).
Regarding subjective symptoms, a similar pattern of age, period,
and cohort effects were found for both genders in the base model
(Model A in Tables 4 and 5). A signiﬁcant, negative period effect in
2001 persisted among male workers after adjusting for economice workers (right). The solid and dotted lines represent the different birth cohorts (from
ts, in years) in the lower graphs.
Table 2
Estimated effect (estimated regression coefﬁcients and standard error) of ageeperiodecohort models of the intrinsic estimator for employed male workers on poor self-rated
health.
Poor self-rated health
(Model A) (Model B) (Model C) (Model X)
Male workers (N ¼ 339,154) (N ¼ 40,727)
Employment
Regular Reference Reference (N ¼ 38,515) e
Fixed-term 0.151 (.027) 0.086 (0.079) e (N ¼ 2212)
Marital status
Married Reference Reference Reference Reference
Widowed 0.124 (.064) 0.026 (.189) 0.051 (.196) 0.310 (.751)
Divorced 0.169 (.034) 0.372 (.093) 0.327 (.099) 0.629 (.300)
Single 0.020 (.019) 0.022 (.056) 0.019 (.058) 0.081 (.237)
Children at home
No Reference Reference Reference Reference
Yes 0.047 (.016) 0.087 (.045) 0.091 (.046) 0.096 (.271)
Age
19 (18e20) L0.293 (.070) 0.326 (.206) 0.347 (.228) 0.084 (.579)
22 (21e23) L0.335 (.044) L0.367 (.131) L0.380 (.140) 0.108 (.438)
25 (24e26) L0.277 (.036) 0.203 (.104) 0.157 (.109) 0.744 (.458)
28 (27e29) L0.154 (.033) 0.131 (.099) 0.164 (.104) 0.520 (.378)
31 (30e32) 0.044 (.033) 0.015 (.098) 0.018 (.102) 0.212 (.434)
34 (33e35) 0.011 (.034) 0.060 (.103) 0.056 (.106) 0.079 (.472)
37 (36e38) 0.021 (.035) 0.068 (.105) 0.079 (.108) 0.214 (.525)
40 (39e41) 0.025 (.036) 0.010 (.105) 0.008 (.107) 0.206 (.543)
43 (42e44) 0.039 (.035) 0.041 (.101) 0.045 (.103) 0.365 (.561)
46 (45e47) 0.057 (.033) 0.062 (.094) 0.041 (.096) 0.592 (.523)
49 (48e50) 0.112 (.030) 0.158 (.087) 0.157 (.089) 0.136 (.483)
52 (51e53) 0.135 (.027) 0.116 (.078) 0.103 (.080) 0.188 (.446)
55 (54e56) 0.189 (.026) 0.282 (.075) 0.235 (.078) 0.722 (.355)
58 (57e59) 0.253 (.027) 0.293 (.077) 0.277 (.080) 0.392 (.367)
61 (60e62) 0.149 (.034) 0.120 (.098) 0.114 (.104) 0.320 (.372)
64 (63e65) 0.135 (.046) 0.109 (.134) 0.208 (.146) 0.122 (.446)
Period
2001 L0.065 (.009) 0.046 (.025) 0.048 (.025) 0.001 (.129)
2004 L0.030 (.009) L0.052 (.026) L0.056 (.026) 0.001 (.115)
2007 0.084 (.009) 0.099 (.026) 0.104 (.027) 0.0003 (.123)
Cohort I
1937 (1936e1938) 0.241 (.068) 0.190 (.187) 0.157 (.206) 0.179 (.553)
1940 (1939e1941) 0.150 (.045) 0.196 (.125) 0.252 (.134) 0.434 (.424)
1943 (1942e1944) 0.177 (.031) 0.129 (.088) 0.135 (.093) 0.103 (.345)
1946 (1945e1947) 0.129 (.028) 0.086 (.079) 0.115 (.083) 0.249 (.325)
1949 (1948e1950) 0.126 (.027) 0.169 (.075) 0.198 (.078) 0.309 (.372)
1952 (1951e1953) 0.084 (.030) 0.059 (.085) 0.070 (.089) 0.235 (.412)
1955 (1954e1956) 0.099 (.032) 0.232 (.091) 0.218 (.094) 0.915 (.490)
1958 (1957e1959) 0.121 (.035) 0.103 (.101) 0.093 (.104) 0.451 (.567)
1961 (1960e1962) 0.353 (.037) 0.054 (.107) 0.026 (.111) 1.015 (.555)
1964 (1963e1965) 0.021 (.038) 0.067 (.112) 0.080 (.115) 0.355 (.588)
1967 (1966e1968) 0.029 (.038) 0.032 (.112) 0.048 (.116) 0.250 (.539)
1970 (1969e1971) L0.083 (.037) 0.096 (.108) 0.099 (.112) 0.258 (.527)
1973 (1972e1974) L0.123 (.035) 0.184 (.105) 0.205 (.110) 0.006 (.423)
1976 (1975e1977) L1.111 (.035) 0.097 (.103) 0.109 (.108) 0.095 (.411)
1979 (1978e1980) L0.080 (.036) 0.140 (.107) 0.117 (.113) 0.657 (.392)
1982 (1981e1983) L0.182 (.042) 0.220 (.127) 0.247 (.136) 0.175 (.424)
1985 (1984e1986) L0.215 (.059) 0.274 (.186) 0.169 (.201) 0.852 (.557)
1988 (1987e1989) L0.358 (.114) 0.011 (.328) 0.051 (.391) 0.083 (.718)
Income per member e 0.020 (.028) 0.008 (.029) 0.134 (.108)
Bold type indicates statistically signiﬁcant regression coefﬁcients, P < 0.05.
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2004 and a signiﬁcant, positive period effect in 2007 persisted
among female workers according to the same model (Model B in
Table 5). Similar to the pattern for poor self-rated health, numerous
signiﬁcant age and cohort effects disappeared in this model (Model
B in Tables 3 & 4).
Although the absolute values of the period effect were lower
than those for the age and cohort effects, the period effect on the
prevalence of receiving medical consultations was slightly higher
than the estimated period effects on other health indicators. The
period effects were signiﬁcant, and a similar pattern was observed
for both genders after adjusting for economic factors (Model B,
Tables 6 & 7), although numerous signiﬁcant age and cohort effectsremained in this model. Period effects were signiﬁcantly negative
and positive in 2001 and 2007, respectively, for both genders.
Among female workers, a signiﬁcant, negative period effect on the
prevalence of receiving consultations remained in 2004.
To assess the impact of the difference in employment status on
the recent trend toward the deterioration of workers’ health, we
also performed stratiﬁed analysis according to employment status
(regular vs. ﬁxed-term employment) (Model C). According to the
results, regularly employed male workers showed a similar signif-
icant period effect in the income-adjusted regression model, with
the exception of results regarding the indicator of subjective
symptoms. However, ﬁxed-term male workers showed a different
pattern of period effects, especially with respect to the prevalence
Table 3
Estimated effect (estimated regression coefﬁcients and standard error) of ageeperiodecohort models of the intrinsic estimator for employed female workers on poor self-rated
health.
Poor self-rated health
(Model A) (Model B) (Model C) (Model X)
Female workers (N ¼ 260,828) (N ¼ 31,898)
Employment
Regular Reference Reference (N ¼ 26,519) e
Fixed-term 0.061 (.017) 0.021 (.049) e (N ¼ 5379)
Marital status
Married Reference Reference Reference Reference
Widowed 0.030 (.038) 0.023 (.104) 0.028 (.115) 0.032 (.247)
Divorced 0.029 (.022) 0.096 (.070) 0.049 (.077) 0.328 (.182)
Single 0.019 (.022) 0.038 (.063) 0.073 (.068) 0.220 (.168)
Children at home
No Reference Reference Reference Reference
Yes 0.102 (.017) 0.067 (.050) 0.083 (.055) 0.028 (.121)
Age
19 (18e20) L0.028 (.063) L0.404 (.186) 0.390 (.210) 0.632 (.440)
22 (21e23) L0.099 (.038) 0.168 (.113) 0.108 (.123) 0.514 (.304)
25 (24e26) L0.161 (.034) 0.062 (.098) 0.041 (.107) 0.108 (.265)
28 (27e29) L0.150 (.033) 0.120 (.097) 0.106 (.106) 0.104 (.250)
31 (30e32) L0.074 (.034) 0.042 (.101) 0.107 (.111) 0.364 (.254)
34 (33e35) 0.004 (.036) 0.081 (.107) 0.116 (.118) 0.019 (.271)
37 (36e38) 0.005 (.037) 0.015 (.109) 0.021 (.120) 0.172 (.272)
40 (39e41) 0.013 (.038) 0.114 (.110) 0.171 (.121) 0.176 (.269)
43 (42e44) 0.017 (.037) 0.161 (.108) 0.223 (.120) 0.095 (.260)
46 (45e47) 0.005 (.035) 0.263 (.100) 0.276 (.111) 0.128 (.236)
49 (48e50) 0.085 (.033) 0.104 (.094) 0.055 (.105) 0.297 (.217)
52 (51e53) 0.156 (.030) 0.100 (.084) 0.048 (.094) 0.343 (.197)
55 (54e56) 0.241 (.030) 0.211 (.084) 0.149 (.095) 0.514 (.188)
58 (57e59) 0.143 (.031) 0.051 (.088) 0.068 (.099) 0.036 (.205)
61 (60e62) 0.451 (.041) 0.013 (.114) 0.001 (.131) 0.072 (.240)
64 (63e65) 0.090 (.057) 0.155 (.168) 0.099 (.200) 0.313 (.329)
Period
2001 L0.036 (.009) 0.034 (.026) 0.032 (.028) 0.030 (.067)
2004 L0.036 (.009) 0.003 (.027) 0.017 (.029) 0.034 (.067)
2007 0.072 (.009) 0.031 (.028) 0.015 (.032) 0.094 (.064)
Cohort I:
1937 (1936e1938) 0.037 (.094) 0.164 (.038) 0.084 (.316) 0.440 (.541)
1940 (1939e1941) 0.165 (.056) 0.074 (.157) 0.002 (.184) 0.319 (.316)
1943 (1942e1944) 0.125 (.038) 0.293 (.103) 0.261 (.117) 0.445 (.230)
1946 (1945e1947) 0.069 (.034) 0.120 (.094) 0.130 (.107) 0.106 (.207)
1949 (1948e1950) 0.104 (.031) 0.168 (.086) 0.220 (.098) 0.013 (.194)
1952 (1951e1953) 0.050 (.033) 0.151 (.093) 0.213 (.105) 0.097 (.207)
1955 (1954e1956) 0.105 (.035) 0.079 (.099) 0.134 (.111) 0.139 (.229)
1958 (1957e1959) 0.055 (.037) L0.247 (.110) L0.263 (.123) 0.154 (.254)
1961 (1960e1962) 0.039 (.039) 0.208 (.114) L0.283 (.128) 0.168 (.263)
1964 (1963e1965) 0.001 (.040) 0.113 (.116) 0.094 (.128) 0.157 (.284)
1967 (1966e1968) 0.069 (.040) 0.041 (.117) 0.026 (.129) 0.015 (.287)
1970 (1969e1971) 0.086 (.038) 0.028 (.111) 0.027 (.122) 0.250 (.286)
1973 (1972e1974) 0.074 (.035) 0.151 (.105) 0.181 (.115) 0.0005 (.262)
1976 (1975e1977) L0.140 (.033) 0.113 (.098) 0.086 (.107) 0.394 (.261)
1979 (1978e1980) L0.100 (.032) 0.091 (.097) 0.111 (.106) 0.040 (.248)
1982 (1981e1983) L0.115 (.037) 0.075 (.110) 0.014 (.119) 0.493 (.315)
1985 (1984e1986) L0.149 (.050) 0.014 (.150) 0.048 (.172) 0.255 (.343)
1988 (1987e1989) 0.018 (.094) 0.005 (.298) 0.036 (.348) 0.011 (.608)
Income per member e 0.034 (.029) 0.031 (.031) 0.378 (.070)
Bold type indicates statistically signiﬁcant regression coefﬁcients, P < 0.05.
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term workers in 2004 was opposite from that of regular workers
(Table 6). Similar period effects were observed for both regular and
ﬁxed-term female workers regarding poor self-rated health and
receiving medical consultations. No signiﬁcant, positive period
effect on subjective symptoms in 2007was observed among female
regular workers (Table 5).
Discussion
We assessed the average change in health of workers from 2001
to 2007, adjusting for the effects of age, cohort, and individual
factors. We found that the prevalence of ill-health indicatorsdi.e.,poor self-rated health status, subjective symptoms, and care-
seeking behaviordsigniﬁcantly increased over this period.
Although some of the deteriorating trends disappeared when
individual income information was added to the analytical model,
poor self-rated health of male workers, subjective symptoms of
female workers, and care-seeking behavior in workers of both
genders were still observed.
In our former cross-sectional study, workers’ health status was
shown to diminish depending on the status of individual employ-
ment contracts (Tsurugano, Inoue, & Yano, 2010). In this study, we
found a deteriorating trend, especially after 2004, in the health of
workers even with adjustment for differences in individual
employment contracts. Moreover, the stratiﬁed analysis by
Table 4
Estimated effect (estimated regression coefﬁcients and standard error) of ageeperiodecohort models of the intrinsic estimator for employed male workers on subjective
symptoms.
Subjective symptoms
(Model A) (Model B) (Model C) (Model X)
Male workers (NN ¼ 351,462) (NN ¼ 42,172)
Employment
Regular Reference Reference (N ¼ 39,857) e
Fixed-term 0.134 (.018) 0.122 (.051) e (N ¼ 2315)
Marital status
Married Reference Reference Reference Reference
Widowed L0.105 (.045) 0.197 (.129) 0.227 (.136) 0.080 (.409)
Divorced L0.127 (.024) 0.002 (.069) 0.002 (.072) 0.032 (.243)
Single L0.222 (.012) L0.163 (.036) L0.176 (.037) 0.019 (.163)
Children at home
No Reference Reference Reference Reference
Yes 0.059 (.010) 0.112 (.030) 0.108 (.030) 0.280 (.193)
Age
19 (18e20) L0.289 (.042) L0.409 (.125) L0.426 (.139) 0.277 (.354)
22 (21e23) L0.257 (.026) 0.149 (.077) 0.131 (.082) 0.126 (.265)
25 (24e26) L0.182 (.022) 0.098 (.064) 0.076 (.066) 0.283 (.258)
28 (27e29) L0.119 (.020) L0.161 (.061) L0.178 (.063) 0.196 (.254)
31 (30e32) 0.040 (.021) 0.041 (.061) 0.039 (.063) 0.065 (.293)
34 (33e35) 0.003 (.022) 0.047 (.064) 0.045 (.065) 0.107 (.320)
37 (36e38) 0.021 (.023) 0.003 (.066) 0.001 (.067) 0.163 (.369)
40 (39e41) 0.002 (.023) 0.074 (.067) 0.062 (.069) 0.522 (.390)
43 (42e44) 0.017 (.023) 0.031 (.066) 0.026 (.067) 0.417 (.393)
46 (45e47) 0.028 (.022) 0.052 (.063) 0.058 (.064) 0.214 (.369)
49 (48e50) L0.002 (.021) 0.085 (.058) 0.077 (.060) 0.084 (.349)
52 (51e53) 0.057 (.018) 0.059 (.052) 0.038 (.054) 0.225 (.302)
55 (54e56) 0.138 (.018) 0.173 (.050) 0.151 (.052) 0.503 (.256)
58 (57e59) 0.203 (.018) 0.216 (.052) 0.180 (.054) 0.691 (.242)
61 (60e62) 0.231 (.022) 0.293 (.063) 0.284 (.067) 0.409 (.247)
64 (63e65) 0.248 (.030) 0.239 (.086) 0.309 (.095) 0.234 (.289)
Period
2001 L0.021 (.006) L0.032 (.016) 0.032 (.016) 0.033 (.088)
2004 0.009 (.006) 0.011 (.016) 0.008 (.017) 0.050 (.072)
2007 0.030 (.006) 0.021 (.017) 0.023 (.018) 0.017 (.085)
Cohort I
1937 (1936e1938) 0.230 (.044) 0.185 (.119) 0.128 (.133) 0.178 (.351)
1940 (1939e1941) 0.235 (.028) 0.309 (.078) 0.283 (.085) 0.285 (.266)
1943 (1942e1944) 0.190 (.020) 0.129 (.057) 0.164 (.060) 0.122 (.228)
1946 (1945e1947) 0.130 (.019) 0.014 (.052) 0.017 (.055) 0.051 (.217)
1949 (1948e1950) 0.067 (.018) 0.080 (.050) 0.106 (.053) 0.368 (.248)
1952 (1951e1953) 0.029 (.020) 0.068 (.057) 0.057 (.059) 0.165 (.297)
1955 (1954e1956) L0.010 (.022) 0.021 (.062) 0.022 (.063) 0.333 (.349)
1958 (1957e1959) 0.063 (.023) 0.092 (.067) 0.095 (.069) 0.196 (.393)
1961 (1960e1962) 0.042 (.024) 0.024 (.070) 0.004 (.072) 0.860 (.397)
1964 (1963e1965) L0.060 (.024) 0.005 (.071) 0.019 (.073) 0.545 (.407)
1967 (1966e1968) L0.066 (.024) 0.051 (.071) 0.060 (.073) 0.224 (.376)
1970 (1969e1971) L0.122 (.023) 0.080 (.067) 0.077 (.069) 0.296 (.355)
1973 (1972e1974) L0.136 (.022) 0.120 (.064) 0.123 (.067) 0.095 (.286)
1976 (1975e1977) L0.100 (.021) L0.159 (.063) L0.147 (.066) 0.448 (.263)
1979 (1978e1980) L0.073 (.022) L0.173 (.065) L0.156 (.068) L0.553 (.234)
1982 (1981e1983) L0.098 (.025) L0.230 (.076) L0.230 (.082) 0.386 (.253)
1985 (1984e1986) L0.070 (.035) 0.139 (.107) 0.126 (.118) 0.373 (.313)
1988 (1987e1989) 0.041 (.066) 0.354 (.197) 0.367 (.229) 0.165 (.454)
Income per member e 0.010 (.018) 0.008 (.019) 0.084 (.071)
Bold type indicates statistically signiﬁcant regression coefﬁcients, P < 0.05.
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health, primarily among workers with regular employment rather
than ﬁxed-term contracts. Therefore, an understanding of the cause
of the health deterioration of Japanese workers in recent times
requires the identiﬁcation of factors other than cohort, age, and
various personal factors, including employment status, marital
status, children, and income.
We assessed three ill-health indicators and recognized that
careful interpretation was required to interpret the period effects
because the estimated period effects according to the intrinsic
estimator differed from those emerging from the visual assess-
ments of period changes represented in the graphs. This ﬁnding
may arise because poor self-rated health is a more subjectivemeasure than other indicators, such as receiving consultations, and
because subjective indicators may present the possibility of
reﬂecting spurious secular changes. Thus, greater disparity
between the visual assessment and the calculated period effect,
adjusting for other factors, may have emerged with respect to self-
rated health. Indeed, receiving consultations, a less subjective
indicator, was more strongly inﬂuenced by cohort effects thanwere
other ill-health indicators according to the intrinsic estimator.
We found the period effect to be noteworthy and also addressed
the ageeperiodecohort identiﬁcation problem (Harding, 2009). To
overcome this problem, we approached the statistical estimation of
the APC accounting models with the intrinsic estimator. As noted
by Dr. Yang and colleagues, the intrinsic estimator is not a complete
Table 5
Estimated effect (estimated regression coefﬁcients and standard error) of ageeperiodecohort models of the intrinsic estimator for employed female workers on subjective
symptoms.
Subjective symptoms
(Model A) (Model B) (Model C) (Model X)
Female workers (N ¼ 269,833) (N ¼ 33,001)
Employment
Regular Reference Reference (N ¼ 27,457) e
Fixed-term 0.120 (.011) 0.104 (.032) e (N ¼ 5,544)
Marital status
Married Reference Reference Reference Reference
Widowed 0.020 (.025) 0.014 (.068) 0.004 (.075) 0.116 (.160)
Divorced 0.075 (.016) 0.115 (.047) 0.112 (.051) 0.145 (.129)
Single L0.044 (.014) 0.006 (.039) 0.002 (.042) 0.058 (.109)
Children at home
No Reference Reference Reference Reference
Yes 0.100 (.011) 0.090 (.033) 0.091 (.036) 0.091 (0.078)
Age
19 (18e20) L0.350 (.037) L0.046 (.110) L0.528 (.125) 0.187 (.247)
22 (21e23) L0.167 (.024) L0.139 (.068) 0.124 (.075) 0.189 (.176)
25 (24e26) L0.137 (.020) L0.205 (.060) L0.180 (.065) L0.327 (.158)
28 (27e29) L0.076 (.020) 0.100 (.058) 0.068 (.063) 0.234 (.153)
31 (30e32) 0.024 (.021) 0.070 (.062) 0.018 (.068) L0.356 (.167)
34 (33e35) 0.018 (.023) 0.003 (.066) 0.026 (.072) 0.091 (.173)
37 (36e38) 0.020 (.024) 0.047 (.069) 0.050 (.076) 0.106 (.176)
40 (39e41) 0.015 (.024) 0.099 (.070) 0.100 (.077) 0.143 (.170)
43 (42e44) 0.019 (.024) 0.054 (.069) 0.078 (.077) 0.015 (.164)
46 (45e47) 0.003 (.023) 0.093 (.065) 0.094 (.073) 0.114 (.152)
49 (48e50) 0.072 (.022) 0.101 (.061) 0.106 (.068) 0.089 (.141)
52 (51e53) 0.119 (.020) 0.159 (.055) 0.162 (.062) 0.158 (.130)
55 (54e56) 0.204 (.020) 0.186 (.055) 0.212 (.062) 0.096 (.128)
58 (57e59) 0.135 (.020) 0.136 (.057) 0.144 (.064) 0.168 (.132)
61 (60e62) 0.105 (.026) 0.120 (.072) 0.051 (.083) 0.332 (.158)
64 (63e65) 0.109 (.036) 0.020 (.102) 0.105 (.120) 0.162 (.206)
Period
2001 0.007 (.006) 0.013 (.017) 0.006 (.018) 0.056 (.042)
2004 L0.028 (.006) L0.034 (.017) 0.029 (.019) 0.050 (.042)
2007 0.035 (.006) 0.048 (.018) 0.035 (.020) 0.106 (.041)
Cohort I
1937 (1936e1938) 0.213 (.058) 0.306 (.160) 0.196 (.190) 0.735 (.321)
1940 (1939e1941) 0.205 (.035) 0.249 (.095) 0.308 (.109) 0.141 (.201)
1943 (1942e1944) 0.184 (.024) 0.245 (.066) 0.248 (.075) 0.216 (.150)
1946 (1945e1947) 0.148 (.022) 0.141 (.060) 0.126 (.068) 0.154 (.137)
1949 (1948e1950) 0.075 (.020) 0.050 (.056) 0.074 (.063) 0.094 (.128)
1952 (1951e1953) 0.008 (.022) 0.092 (.061) 0.091 (.069) 0.114 (.138)
1955 (1954e1956) 0.027 (.023) 0.035 (.065) 0.048 (.072) 0.015 (.149)
1958 (1957e1959) L0.069 (.025) L0.162 (.070) L0.192 (.078) 0.047 (.162)
1961 (1960e1962) 0.040 (.025) L0.178 (.073) L0.193 (.081) 0.144 (.170)
1964 (1963e1965) L0.074 (.026) L0.181 (.074) L0.166 (.081) 0.285 (.179)
1967 (1966e1968) L0.111 (.025) L0.187 (.074) L0.203 (.081) 0.146 (.184)
1970 (1969e1971) L0.106 (.024) L0.137 (.069) 0.145 (.075) 0.180 (.185)
1973 (1972e1974) L0.149 (.022) 0.104 (.063) L0.150 (.069) 0.143 (.167)
1976 (1975e1977) L0.114 (.020) 0.047 (.059) 0.069 (.065) 0.091 (.157)
1979 (1978e1980) L0.097 (.020) L0.139 (.059) L0.155 (.064) 0.056 (.154)
1982 (1981e1983) L0.046 (.022 ) 0.050 (.067) 0.054 (.074) 0.006 (.168)
1985 (1984e1986) 0.015 (.030) 0.013 (.091) 0.059 (.103) 0.205 (.205)
1988 (1987e1989) 0.014 (.058) 0.053 (.174) 0.180 (.204) 0.416 (.348)
Income per member e 0.033 (.018) 0.033 (.020) 0.040 (.045)
Bold type indicates statistically signiﬁcant regression coefﬁcients, P < 0.05.
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does add a potentially useful method to the tools available for these
analyses (Yang, Schulhofer-Wohl, Fu, & Land, 2008). However,
according to Dr. Harding’s review (Harding, 2009), the intrinsic
estimator produces an APC effect that can be interpreted in the
same way as conventional regression coefﬁcients, and it may be
suitable for longitudinal studies on workers’ health.
Income is important when determining health (Berkman &
Kawachi, 2000). We tested the period effect, adjusting for house-
hold income, in the ﬁnal regression model (Model B). We found
a signiﬁcant period effect for the prevalence of receiving medical
consultations among respondents of both genders and for subjec-
tive symptoms among female workers. However, the prevalence ofpoor self-rated health among female workers did not show
a statistically signiﬁcant period effect in the ﬁnal analysis, although
the pattern of the regression coefﬁcients was similar to that of the
base model. Such non-signiﬁcant observations may be attributable
to the strong relationship between income and health outcome, i.e.,
the effects of other factors on the respondents’ subjective health
status would be alleviated by income.
Previous studies of the relationship between workers’ health
and their social environment have reported that the economic
depression was detrimental to the health of workers; the suicide
rate increased during a recession (Inoue & Matsumoto, 2000;
Khang, Lynch, & Kaplan, 2005; Lamar, 2000). However, the gross
domestic product in the same period grew continuously, from 504
Table 6
Estimated effect (estimated regression coefﬁcients and standard error) of ageeperiodecohort models of the intrinsic estimator for employed male workers on receiving
consultations.
Receiving consultations
(Model A) (Model B) (Model C) (Model X)
Male workers (N ¼ 349,214) (N ¼ 41,928)
Employment
Regular Reference Reference (N ¼ 39,627) e
Fixed-term 0.001 (.019) 0.007 (.055) e (N ¼ 2,301)
Marital status
Married Reference Reference Reference Reference
Widowed L0.099 (.044) 0.116 (.123) 0.106 (.128) 0.226 (.421)
Divorced L0.206 (.025) 0.041 (.070) 0.062 (.073) 0.233 (.245)
Single L0.058 (.013) L0.109 (.039) L0.104 (.040) 0.176 (.178)
Children at home
No Reference Reference Reference Reference
Yes L0.068 (.011) 0.037 (.031) 0.040 (.032) 0.083 (.218)
Age
19 (18e20) L0.464 (.052) L0.417 (.149) L0.538 (.166) 0.673 (.437)
22 (21e23) L0.450 (.032) L0.490 (.094) L0.484 (.100) 0.210 (.336)
25 (24e26) L0.476 (.026) L0.328 (.075) L0.321 (.078) 0.232 (.315)
28 (27e29) L0.427 (.025) L0.527 (.074) L0.518 (.077) 0.293 (.315)
31 (30e32) L0.370(.025) L0.304 (.072) L0.275 (.074) 0.627 (.365)
34 (33e35) L0.318 (.026) L0.240 (.075) L0.227 (.077) 0.092 (.378)
37 (36e38) L0.243 (.026) L0.245 (.076) L0.227 (.077) 0.317 (.427)
40 (39e41) L0.196 (.026) L0.204 (.075) L0.184 (.076) 0.480 (.441)
43 (42e44) L0.080 (.025) 0.057 (.070) 0.019 (.072) L1.118 (.447)
46 (45e47) 0.018 (.023) 0.033 (.065) 0.009 (.067) L1.449 (.438)
49 (48e50) 0.143 (.021) 0.155 (.058) 0.178 (.060) 0.790 (.410)
52 (51e53) 0.291 (.018) 0.208 (.052) 0.217 (.053) 0.064 (.332)
55 (54e56) 0.431 (.017) 0.391 (.049) 0.385 (.051) 0.913 (.280)
58 (57e59) 0.593 (.018) 0.590 (.051) 0.563 (.053) 1.083 (.257)
61 (60e62) 0.680 (.022) 0.607 (.063) 0.568 (.067) 1.257 (.265)
64 (63e65) 0.868 (.030) 0.894 (.087) 0.872 (.096) 1.617 (.310)
Period
2001 L0.088 (.006) L0.103 (.017) L0.113 (.018) 0.325 (.101)
2004 0.001 (.006) 0.003 (.017) 0.016 (.018) L0.219 (.082)
2007 0.087 (.006) 0.100 (.019) 0.096 (.019) 0.187 (.097)
Cohort I
1937 (1936e1938) 0.366 (.043) 0.251 (.118) 0.259 (.132) 0.398 (.370)
1940 (1939e1941) 0.425 (.029) 0.469 (.080) 0.512 (.087) 0.088 (.285)
1943 (1942e1944) 0.390 (.020) 0.402 (.057) 0.459 (.061) 0.296 (.240)
1946 (1945e1947) 0.366 (.018) 0.314 (.051) 0.322 (.055) 0.022 (.227)
1949 (1948e1950) 0.286 (.017) 0.317 (.050) 0.320 (.052) 0.188 (.259)
1952 (1951e1953) 0.220 (.020) 0.253 (.056) 0.256 (.058) 0.219 (.339)
1955 (1954e1956) 0.209 (.022) 0.200 (.063) 0.174 (.065) 1.094 (.390)
1958 (1957e1959) 0.144 (.024) 0.100 (.070) 0.062 (.073) 1.432 (.448)
1961 (1960e1962) 0.087 (.026) 0.142 (.076) 0.111 (.078) 1.186 (.465)
1964 (1963e1965) 0.024 (.027) 0.021 (.079) 0.050 (.082) 0.840 (.465)
1967 (1966e1968) 0.004 (.028) 0.144 (.082) 0.165 (.084) 0.237 (.437)
1970 (1969e1971) L0.139 (.027) 0.145 (.079) 0.161 (.082) 0.117 (.425)
1973 (1972e1974) L0.211 (.026) L0.285 (.078) L0.304 (.082) 0.203 (.361)
1976 (1975e1977) L0.229 (.026) L0.153 (.075) L0.176 (.079) 0.077 (.321)
1979 (1978e1980) L0.328 (.027) L0.276 (.079) L0.295 (.084) 0.272 (.288)
1982 (1981e1983) L0.424 (.031) L0.508 (.094) L0.425 (.099) L1.448 (.369)
1985 (1984e1986) L0.536 (.044) L0.318 (.130) L0.298 (.142) 0.712 (.385)
1988 (1987e1989) L0.645 (.087) L0.598 (.268) 0.601 (.325) L1.322 (.572)
Income per member e 0.118 (.019) 0.114 (.020) 0.191 (.078)
Bold type indicates statistically signiﬁcant regression coefﬁcients, P < 0.05.
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Government of Japan, 2010). Moreover, our data showed that the
percentage of employees in the 18- to 65-year-old age group
signiﬁcantly increased, from 52.5% to 54.6%, over these 6 years.
Furthermore, other national statistics reveal that although the
unemployment rate in 2001 was 5.0% and increased to 5.4% in the
following year (2002), it then decreased continuously until reach-
ing 3.9% in 2007 (Ministry of Internal Affairs and Communications,
Japan, 2009). These ﬁgures indicate that although economic decline
occurred at the end of the 20th century, the economy recovered
during our observation period, thus the recession cannot be directly
related to the ill health of the workers during this period.Applying the constructs of macroeconomic status to the period
effect and using the same national survey data, i.e., the Compre-
hensive Survey of Living Conditions for 1986 and 2001, Kondo et al.
(2008) observed that health inequality increased among the
working population (20e60 years old) from 1986 to 2001. They
found that the relative disparity in self-rated health between
different occupational groups increased, although self-rated health
itself improved during this period. Our observation period corre-
sponded to a time of economic recovery, and improvements in self-
rated health were not evident for this period; rather, we observed
signiﬁcant deterioration in self-rated health and other health
outcomes during this period. This trend can be explained by the
Table 7
Estimated effect (estimated regression coefﬁcients and standard error) of ageeperiodecohort models of the intrinsic estimator for employed female workers on receiving
consultations.
Receiving consultations
(Model A) (Model B) (Model C) (Model X)
Female workers (N ¼ 268,105) (N ¼ 32,772)
Employment
Regular Reference Reference (N ¼ 27,272) e
Fixed-term 0.021 (.012) 0.035 (.034) e (N ¼ 5,500)
Marital status
Married Reference Reference Reference Reference
Widowed 0.026 (.025) 0.045 (.069) 0.057 (.076) 0.031(.165)
Divorced 0.093 (.017) 0.099 (.050) 0.102 (.054) 0.074 (.140)
Single 0.024 (.015) 0.054 (.043) 0.072 (.047) 0.091 (.119)
Children at home
No Reference Reference Reference Reference
Yes L0.107 (.013) L0.106 (.036) L0.097 (.039) 0.134 (.085)
Age
19 (18e20) L0.666 (.048) L0.713 (.133) L0.804 (.155) 0.431 (.289)
22 (21e23) L0.447 (.028) L0.548 (.082) L0.503 (.089) L0.689 (.210)
25 (24e26) L0.331 (.024) L0.248 (.070) L0.231 (.076) 0.252 (.178)
28 (27e29) L0.170 (.023) 0.105 (.067) 0.045 (.073) L0.376 (.179)
31 (30e32) L0.160 (.024) 0.005 (.071) 0.009 (.078) 0.068 (.181)
34 (33e35) L0.113 (.026) 0.025 (.075) 0.009 (.082) 0.215 (.197)
37 (36e38) L0.154 (.027) 0.048 (.078) 0.042 (.085) 0.095 (.196)
40 (39e41) L0.168 (.027) 0.036 (.078) 0.091 (.086) 0.149 (.190)
43 (42e44) L0.108 (.026) 0.118 (.076) 0.123 (.084) 0.126 (.183)
46 (45e47) L0.056 (.025) 0.072 (.071) 0.097 (.078) 0.024 (.168)
49 (48e50) 0.121 (.023) 0.157 (.064) 0.153 (.071) 0.137 (.151)
52 (51e53) 0.268 (.020) 0.167 (.057) 0.141 (.064) 0.336 (.135)
55 (54e56) 0.365 (.020) 0.222 (.057) 0.255 (.063) 0.113 (.132)
58 (57e59) 0.455 (.021) 0.350 (.058) 0.387 (.065) 0.228 (.136)
61 (60e62) 0.517 (.026) 0.468 (.074) 0.476 (.084) 0.478 (.164)
64 (63e65) 0.649 (.037) 0.553 (.104) 0.524 (.122) 0.652 (.215)
Period
2001 L0.066 (.007) L0.045 (.018) 0.037 (.020) 0.079 (.047)
2004 0.003 (.006) L0.040 (.019) L0.041 (.021) 0.039 (.046)
2007 0.063 (.007) 0.085 (.020) 0.078 (.022) 0.117 (.045)
Cohort I
1937 (1936e1938) 0.399 (.059) 0.303 (.161) 0.256 (.186) 0.470 (.330)
1940 (1939e1941) 0.380 (.036) 0.407 (.097) 0.399 (.110) 0.449 (.210)
1943 (1942e1944) 0.362 (.025) 0.368 (.067) 0.350 (.076) 0.373 (.156)
1946 (1945e1947) 0.324 (.022) 0.288 (.061) 0.250 (.068) 0.389 (.142)
1949 (1948e1950) 0.247 (.020) 0.282 (.057) 0.259 (.064) 0.375 (.131)
1952 (1951e1953) 0.138 (.022) 0.165 (.063) 0.176 (.070) 0.134 (.144)
1955 (1954e1956) 0.084 (.024) 0.057 (.068) 0.101 (.076) 0.155 (.161)
1958 (1957e1959) 0.040 (.026) 0.085 (.075) 0.013 (.084) 0.073 (.175)
1961 (1960e1962) 0.031 (.028) 0.108 (.080) 0.040 (.089) 0.353 (.191)
1964 (1963e1965) 0.051 (.029) 0.149 (.082) 0.141 (.090) 0.135 (.199)
1967 (1966e1968) L0.101 (.029) L0.196 (.082) L0.230 (.090) 0.032 (.206)
1970 (1969e1971) L0.138 (.027) L0.297 (.078) L0.319 (.086) 0.177 (.205)
1973 (1972e1974) L0.200 (.025) L0.318 (.072) L0.378 (.079) 0.024 (.191)
1976 (1975e1977) L0.206 (.024) L0.326 (.069) L0.376 (.075) 0.157 (.178)
1979 (1978e1980) L0.249 (.024) L0.300 (.069) L0.348 (.075) 0.122 (.180)
1982 (1981e1983) L0.276 (.027) L0.102 (.079) L0.206 (.087) 0.193 (.198)
1985 (1984e1986) L0.348 (.038) 0.047 (.107) 0.035 (.122) 0.070 (.243)
1988 (1987e1989) L0.435 (.078) 0.055 (.207) 0.325 (.236) 0.844 (.448)
Income per member e 0.147 (.020) 0.160 (.022) 0.090 (.049)
Bold type indicates statistically signiﬁcant regression coefﬁcients, P < 0.05.
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classes, as suggested by Kondo et al. (2008).
Although our observations included economic recovery, the
labor-market structure was transformed during this period. This
transformation of the social structure has been reported to have
widened the gap in socio-economic status and to have affected
equality in health (Anitua & Esnaola, 2000; Lahelma, Rahkonen,
& Huuhka, 1997; Sekine, Chandola, Martikainen, Marmot, &
Kagamimori, 2009). At the same time, inequalities in employment
status are reported to have reﬂected a similar disparity between
working conditions, and non-regularwork arrangements have been
proposed as a likely factor in workers’ deteriorating health (Inoue
et al., 2010; Kagamimori et al., 2009; László et al., 2010).According to the analyses stratiﬁed by employment status,
regularly employed male workers showed a similar signiﬁcant
period effect to that shownby all workers. However, ﬁxed-termmale
workers did not showa similar period effect to that shownby regular
male workers, especially with respect to receiving consultations, an
area in which the coefﬁcient for ﬁxed-term male workers was
opposite that for regular male workers in 2004. For female workers,
similar period effects were observed in workers with both regular
and ﬁxed-term employment; the exception to this pattern involved
subjective symptoms, for which the period effect demonstrated
a more robust trend toward deterioration among ﬁxed-term than
regular workers. In summary, these stratiﬁed analyses proved that
signiﬁcant period effects were observed not only among ﬁxed-term
M. Nishikitani et al. / Social Science & Medicine 75 (2012) 439e451450but also regularly employed workers. In 2004, however, decrease of
receiving medical consultations was observed among ﬁxed-term
male workers. In general, male workers with non-regular employ-
ment had often believed that they could not work regularly because
they had health and social problems. Thus, we considered that their
health improvement was tentative, and it might be explained by
the transformation of the labor-force market: even young, healthy
male workers could not obtain regular employment and had no
choice but to accept temporary positions. Considering that regu-
larly employed workers had beneﬁtted from better working
conditions, the observed period effect may reﬂect a relationship
with the increasing inequality in workers’ socio-economic status
and the deterioration in their working conditions caused by
increasing non-regular employment during this period.
Moreover, the total number of non-regular workers has
increased over the past several decades in Japan, particularly since
2000. This increase is due to the amendment of the Order for
Enforcement of the Act for Securing the Proper Operation of Worker
Dispatch Operations and ImprovedWorking Conditions for Dispatched
Workers (Japanese Law Translation, 2006) at the end of 1999. Non-
regular workers comprised 24.8% of all employed workers in 1999,
and this proportion increased to 33.9% in 2008 (Ministry of Internal
Affairs and Communications, Japan, 2009). In this study, workers
with ﬁxed-term employment contracts were considered to be
participating in ﬂexible-employment arrangements, and the
proportion of workers in this group increased by a factor of nearly
1.6 (from 8.6% in 2001 to 13.4% in 2007). A ﬁxed-term contract
results in unemployment after the contract period, which may
affect workers’ health due to their job insecurity (Burgard, Brand, &
House, 2009; Kalil et al., 2009; László et al., 2010). Therefore, the
deterioration inworkers’ health during our observation period may
be explained by the increasing number of non-regular workers.
Although non-regular work arrangements have commonly been
reported as a factor in the deteriorating health of workers in several
countries (Bardasi & Franscesconi, 2004; Kompier et al., 2009;
Rodriguez, 2002; Stansfeld & Candy, 2006; Virtanen et al., 2002),
a speciﬁc situation in the Japanese working environment is note-
worthy. In Japan, the working conditions of non-regular workers
are known to be very poor compared with those of regular workers
in terms of salary and welfare systems, including health insurance
and pensions that are often provided only to regular workers
(Organization for Economic Cooperation and Development, 2006).
According to a recent review of Japanese working conditions
(Weathers, 2009), in many cases, only new graduates became
regular workers. However, for new graduates who become non-
regular workers and for regular workers who leave their job, few
chances to become a regular worker exist. Recently, the recruit-
ment of regular workers has also decreased. Despite the fact that
both types of workers are engaged in the same work at the same
company, if their employment contracts differ (e.g., regular vs. non-
regular positions), the beneﬁts that they receive differ. In this study,
even after adjusting for individual economic factors including
employment and income status, a signiﬁcant period effect was still
evident for several health outcomes. These ﬁndings suggest that
society-wide factors such as social disparity have a negative effect
on the health of all workers. Because such social inequality among
employed workers may contribute to their ill health over time,
increases in non-regular work should be monitored carefully, as
they may foretell a period effect in the future.
This study had some limitations. We assessed a period effect on
workers’ health with an ageecohorteperiod model, but the
number of observation points was not sufﬁcient to detect the
inﬂections in time-dependent trends. Through discussion, we
hypothesized a posteriori that the increase in non-regular work
styles negatively affected workers’ health. The proportion of non-regular workers has increased according to a curvilinear trend,
with some inﬂection points, over the past several decades (Ministry
of Internal Affairs and Communications, Japan, 2009). Thus, addi-
tional data, including data from years prior to 1999, should be used
to assess the period effect and to demonstrate the relationship
between the increasing number of non-regular workers and
workers’ health.
Furthermore, the lack of information on the subjects’ educational
background may constitute a confounding bias for both the indi-
vidual factors and the self-rated health indicators. Furthermore,
people of lower socio-economic status have a less desirable lifestyle
and a greater incidence of health problems and chronic diseases
(Bardasi & Francesconi, 2004; Lantz et al., 1998; Rodriguez, 2002;
Virtanen et al., 2002). However, Japanese residents’ educational
levels have gradually improved since World War II, with the
proportion of graduates from universities and higher-level schools
increasing in recent decades (Ministry of Internal Affairs and
Communications, Japan, 2008). This statistic implies that workers
between the ages of 18 and 65 in 2007 were able to attain a better
lifestyle and greater knowledge regarding health than was possible
for workers from the same age group in 2001. Therefore, if infor-
mation regarding educational background had been included, it may
have strengthened our ﬁnding regarding the relationship between
social changes and workers’ health. This bias would not diminish the
ﬁnding that workers’ health has deteriorated since 2001.
Finally, information bias may have existed for several variables.
We combined employees whose contract periods would endwithin
1 year and employees hired by the day, classifying both forms of
contracts as non-regular employment in the multivariable analysis.
However, the remaining groups may still have included workers
with precarious employment because part-time workers often
have employment contracts without speciﬁed termination dates. In
addition, we could not accurately determine the number of subjects
who were raising children because the information regarding
family members younger than 15 years was not available in our
study. If we had been able to precisely identify all workers with
precarious employment situations and all workers raising children
at home, these individual factors may have allowed amore detailed
analysis of workers’ health, as misclassiﬁcation in these areas may
have weakened the relationship with health outcomes.
Conclusions
In this study, we demonstrate that from 2001 to 2007, the health
status of employed workers in Japan deteriorated in a manner that
could not be accounted for by age and cohort effects. After dis-
cussing the individual socio-economic factors and the effects of
recession on society, we hypothesized a posteriori that the trans-
formation of the social structure caused by increases in non-regular
work arrangements resulted in social inequality. This inequality
may explain the observed period effect, which in turn may be the
cause of the observed deterioration in workers’ health.
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